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1.  Introduction

T h e  N a t io n a l  W e a th e r  S e rv ic e  (N W S )

p ro v id e s  h y d ro m e te o ro lo g ic a l fo re c a s ts  a s

p a r t  o f i ts  c o m m itm e n t to  th e  p re s e rv a tio n

o f l i fe  a n d  p ro p e r ty .  T h e  a b il i ty  to  m o n ito r

re a lt im e  p re c ip ita t io n  ra te s  u s in g  re m o te

s e n s in g  te c h n iq u e s  c o m b in e d  w i th  a c tu a l

o b s e rv a tio n s  is  c r it ic a l fo r  th e  is s u a n c e  o f

a c c u ra te  m e te o ro lo g ic a l a n d  h y d ro lo g ic a l

fo re c a s ts  a n d  w a rn in g s .  W h ile  th e  N W S

R iv e r F o r e c a s t  C e n te r s  (R F C s )  h a v e

c o m p u te r  a p p lic a tio n s  a t th e ir  d is p o s a l fo r

e s tim a tin g  o b s e rv e d  ra in fa ll  s u c h  a s  th e

M u l t i - s e n s o r  P r e c i p i t a t io n  E s t im a to r

(M P E ) , th e  W e a th e r  F o re c a s t O ff ic e s

(W F O s) ,  h a v e  c o m p a r a t iv e ly  fe w  s u c h

a p p lic a tio n s .  A s  W F O s  h a v e  b e c o m e

m o re  in v o l v e d  in  s h o r t- te r m  h y d r o lo g ic

f o r e c a s t i n g ,  t h e  n e e d  f o r  m o r e

s o p h is tic a te d  p re c ip ita t io n  a n a ly z in g  to o ls

h a s  g ro w n .

T o  m e e t th is  n e e d , th e  M P E  a p p lic a tio n , a

w i d e l y  u s e d  t o o l  f o r  e s t i m a t i n g

p re c ip ita t io n  a t R F C s , h a s  b e e n  m o d if ie d

a n d  e n h a n c e d  to  b e  u s e d  a t W F O s .   T h is

n e w  a p p lic a tio n  is  b a se d  o n  a  g ra p h ic a l

u s e r in te r fa c e  (G U I)  w h i c h  fa c il i ta te s  th e

m a n n e r  in  w h i c h  th e  fo re c a s te r  in te r a c ts

w ith  ra d a r  a n d  ra in  g a u g e  p re c ip ita t io n

i n f o r m a t i o n ,  m a n a g e s  s t o r e d

m e te o ro lo g ic a l a n d  h y d ro lo g ic a l d a ta , a n d

d is p la y s  o b s e rv e d  d a ta .

In  th is  p a p e r, th e  o r ig in s  a n d  e vo lu t io n  o f

th e  M P E  a p p lic a tio n  a n d  its  c o m p o n e n t

p ro g ra m s  w i l l  b e  e x p lo re d .  T h is  w i l l  b e

fo llo w e d  b y  a  b r ie f  re v ie w  o f  th e  c o n c e p ts

a n d  te c h n iq u e s  th a t s u p p o r t  M P E

p re c ip ita t io n  p ro c e s s in g .  T h e n  th e

fu n c tio n a lity  o f th e  n e w  v e rs io n  o f M P E  w ill

b e  p re s e n te d , fo llo w e d  b y  a  s u m m a ry  o f

th e  im p o r tan t  fe a tu re s  o f  M P E  a n d  fu tu re

e n h a n c e m e n t s .
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2. Origins and Evolution of the MPE Application

T h e  M P E  a p p lic a tio n  w a s  o f f ic ia lly

re le a s e d  to  R F C s  in  D e c e m b e r  2 0 0 1  a s

p a r t  o f B u i ld  5 .1 .1  o f th e  A d v a n c e d

W e a th e r  In te r a c tiv e  P ro c e s s in g  S y s te m

( A W IP S ) , o n e  o f  th e  p r im a r y  s y s te m s

w h ic h  s u p p o rts  o p e ra t io n s  a t N W S

fo r e c a s t  o f f ice s .   I t  co n ta in e d  tw o  d i s tin c t

p r o g r a m s ,  M P E _ F ie ld G e n e ra to r  a n d

M P E _ In te ra c tiv e .  M P E _ F ie ld G e n e ra to r

c re a te d  g r id d e d  p re c ip ita t io n  e s tim a te s

b a s e d  o n  d a ta  fro m  in d iv id u a l ra d a r  a n d

r a in  g a u g e  s ite s  a n d  m o s a ic k e d  th e s e

e s t im a te s  to  c o v e r  th e  R F C  a re a  o f

re s p o n s ib i l i ty .   M P E _ In te ra c tiv e  p ro v id e d

th e  fo re c a s te r  w i th  a  m e a n s  o f d is p la y in g

a n d  in te ra c tiv e ly  e d it in g  th e s e  m o s a ic k e d

p r e c ip i ta t io n  f ie ld s .

 

T h e  M P E  a p p lic a tio n  h a s  b e e n  u s e d  a t

R F C s  fo r  re v ie w i n g  h o u r ly  p re c ip ita t io n

a m o u n ts  a n d  q u a lity  c o n tro ll in g  t

h e m  to  p ro d u c e  g r id d e d  e s tim a te s

re p re s e n ta t iv e  o f a c tu a l c o n d it io n s .  T h e

u l t im a te  g o a l is  to  p ro d u c e  th e  m o s t

a c c u ra te  ra in fa l l  e s t im a te s  to  u s e  a s  in p u t

to  h y d r o lo g i c  m o d e ls .  A s  W F O s  h a v e

b e c o m e  m o re  inv o lve d  in  s h o r t - te rm

h y d ro lo g ic a l fo re c a s tin g ,  th e ir  n e e d  fo r

m o re  s o p h is tic a te d  p re c ip ita t io n  a n a ly z in g

to o ls  h a s  g ro w n .

T o  m e e t th is  n e e d , th e  M P E  a p p lic a tio n

h a s  b e e n   m o d if ie d  a n d  e n h a n c e d  to  a l lo w

it  to  b e  u s e d  a t W F O s  a s  w e l l a s  R F C s .  In

a d d it io n , M P E _ In te r a c t iv e  h a s  b e e n

m e rg e d  w i th  H y d r o v ie w ,  a  c o m p o n e n t  o f



th e  W F O  H y d r o lo g i c  F o r e c a s t S y s te m

(W H F S )  u s e d  fo r th e  re a l- t im e  d is p la y  a n d

m o n ito rin g  o f h y d ro m e te o ro lo g ic a l d a ta .

T h e  c o m b in a tio n  o f th e s e  tw o  a p p lic a tio n s

y ie ld s  a  n e w  M P E _ In te ra c tiv e  p ro g ra m

w h ic h  p ro v id e s  th e  a b il i ty  to  o v e r la y  b o th

h o u r ly  ra in fa ll  d a ta  f ie ld s  a n d  o b se rv e d

h y d ro m e te o ro lo g ic a l d a t a  in  o n e  d i s p la y ;

th e  a b il i ty  to  c o m p a re  F la s h  F lo o d

G u id a n c e  (F F G )  d a ta  w ith  e s t im a te d

ra in fa l l a m o u n ts ; th e  a b il i ty  to  d is p la y

e s tim a te d  ra in fa l l  to ta ls  o v e r m u lt ip le  h o u r

in te r v a ls ;  a n d  th e  a b i l i t y  to  e d i t

p re c ip ita t io n  d a ta  a n d  re g e n e ra te  th e

ra in fa l l m o s a ic s  to  re f le c t  th e  m o d ific a tio n s .

T h e  n e w  M P E  a p p lic a t io n s  w il l  b e  p ro v id e d

to  W F O s  a s  p a r t  o f th e  O c to b e r  2 0 0 2

re le a s e  o f A W IP S  B u i ld  5 .2 .2 .

3. Concepts and Techniques Behind MPE

Precipitation Processing

W h e n  th e  in d iv id u a l ra d a r-e s tim a te d

r a i n f a l l  f i e l d s  a r e  m o s a ic k e d  b y

M P E _ F ie ld G e n e ra to r  fo r  s u b s e q u e n t

d is p la y  a n d  e d it in g  in  M P E _ In te ra c tiv e , a n

a tte m p t is  m a d e  to  m a k e  t h e  b e s t

a u to m a te d  q u a n t i ta t iv e  p r e c ip i t a t io n

e s tim a te  m o s a ic  a s  p o s s ib le .  T h e  s c ie n c e

b e h in d  th is  p ro c e s s  is  th e  s u b je c t  o f

s e v e r a l  O f f i c e  o f  H y d r o l o g i c a l

D e v e lo p m e n t (O H D )  re se a rch  p a p e rs

(B r ie d e n b a c h  e t a l. ,  2 0 0 1 a ,b ) .

3.1 The Z-R relationship

T h e  M P E  a p p lic a tio n  u s e s  ra d a r-d e r iv e d

ra in fa l l e s tim a te s  p ro d u c e d  b y  th e  R a d a r

P ro d u c t G e n e ra to r  (R P G )  a n d  d is tr ib u te d

in  th e  D ig i ta l P re c ip ita tio n  A r ra y  (D P A )

p r o d u c t , a  1 3 1  x  1 3 1  a r ra y  o f  g r id  b o x e s ,

u s in g  th e  n a tio n a l H y d r o lo g ic  R a in fa l l

A n a l y s is  P r o je c t  (H R A P )  g r id .  T h e  H R A P

g r id  u s e s  a  p o la r  s te re o g ra p h ic  p ro je c tio n

w ith  ro u g h ly  4 x 4  k m  g rid  b in s .  T h e  R P G

c a lc u la te s  th e  D P A  r a in fa ll  a m o u n ts  b y

a p p ly in g  th e  Z -R  re la t io n s h ip  to  a  ra w

ra d a r  re f le c tiv ity  fie ld .  T h e  Z -R  re la t io n s h ip

is  a n  e q u a tio n  w h ic h  c o m p u te s  th e

p re c ip ita t io n  ra te  a s  a  fu n c tio n  o f ra d a r

re f le c t iv i ty .   W h ile  th e re  a re  m a n y  d if fe re n t

e q u a tio n s  re la tin g  re f le c tiv ity  to  ra in  ra te ,

th e  Z -R  r e la tio n s h ip  u t i l iz e d  b y  th e  R P G  i s

a s  fo l lo w s :

Z  =  A R B

w h e re , Z  is  th e  re f le c t iv i ty ,  R  is  th e  ra te  o f

p re c ip ita t io n , a n d  A ,  B  a r e  c o e ff ic ie n ts

u s e d  to  a d ju s t th is  re la t io n s h ip  b a s e d  u p o n

th e  n a tu re  o f th e  m e te o ro lo g ic a l e v e n t a n d

t h e  s e a s o n  o f  t h e  y e a r .   I n

M P E _ In te r a c tiv e ,  th e  R a d a r  M o s a ic  d a ta

d is p la y  re p re s e n ts  th e  m e rg e d  D P A  ra in fa ll

e s t im a te s  b a s e d  o n  th e  Z -R  re la t io n s h ip .  

3.2 The Mean Field Bias Value

W h ile  th e  Z -R  re la t io n s h ip  p ro v id e s  a

re a s o n a b le  ra in  ra te  e s tim a te  fo r  a  g iv e n

a re a , it  s o m e tim e s  is  l im ite d  b y  th e  f a c t

th a t th e  A ,  B  c o e ff ic ie n ts  c a n  b e  d if fe re n t

fo r  d if fe re n t ty p e s  o f p re c ip ita t io n  e v e n ts

a n d  t im e s  o f th e  y e a r .   T o  a t te m p t to

c o m p e n s a te  fo r  th e  Z -R  re la t io n s h ip  e ith e r

u n d e r e s t i m a t i n g  o r  o v e r e s t i m a t i n g

p re c ip ita t io n  ra tes ,  ob se rva t io n s  a re

c o lle c te d  fro m  ra in  g a u g e s  w h ic h  a re

lo c a te d  w i th in  a re a s  o f ra d a r  e s tim a te d

ra in fa l l .   O b s e r v a t io n s  f r o m  ra in  g a u g e s

a re  t re a te d  a s  g ro u n d  tru th .  T h e  re s u lt  o f

c o m p a r in g  th e  m e a n  o b s e rv e d  ra in  g a u g e

v a lu e  b y  th e  m e a n  ra d a r  e s tim a te d  ra in fa ll

a m o u n t fo r  a  c o lle c tio n  o f g a u g e  lo c a tio n s

o v e r v a r y in g  s p a n s  o f  h o u rs  fo r  a  s in g le

ra d a r  s ite  re s u lts  in  a  m e a n  fie ld  b ia s

v a lu e , w h i c h  is  a  m u l t ip l ic a tiv e  v a lu e  fo r

th a t ra d a r ’ s  e s t im a ted  ra in fa l l  a m o u n ts .

W h e n  th e  Z -R  e s tim a te d  p re c ip ita t io n

a m o u n ts  a r e  m u l t ip l ie d  b y  th is  b ia s  o r

c o rre c tio n  fa c to r ,  th e  re s u lt in g  p re c ip ita t io n

e s t im a te s  a r e  c lo s e r  to  r e a l ity .

F ie ld  b ia s  v a l u e s  a r e  c o m p u t e d  fo r  e a c h  o f

th e  ra d a rs  w h ic h  c o n tr ib u te  to  th e  M P E

p re c ip ita tio n  m o s a i c .  M P E _ F ie ld G e n e ra to r

th e n  a p p lie s  th e s e  b ia s  v a lu e s  to  th e

p re c ip ita t io n  e s tim a te s  f ro m  th e  D P A

p r o d u c t s  re c e iv e d  fro m  th e  ra d a r s i te s  to

p r o d u c e  th e  F ie ld  B ia s  R a d a r  M o s a ic .

T h is  m o s a ic  th e n  m a y  b e  d is p la y e d  in

M P E _ In te ra c tiv e .  N o t e  th a t th e  p ro c e s s  o f

a p p ly in g  th e  m e a n  fie ld  b ia s  v a lu e s  to  th e

D P A  p ro d u c ts  a c tu a lly  re s u lts  in  a  fie ld  o f

u n b ia s e d  ra in fa l l  e s t im a te s ;  th a t  is ,  th e

ra d a r-b a s e d  b ia s e s  w h ic h  s k e w  t h e  ra in fa ll

e s t im a te s  a re  b e in g  re m o v e d .  T h e  F ie ld

B ia s  R a d a r  M o s a i c  is  n a m e d  a s  s u c h  to

in d ic a te  th a t it  is  th e  re s u lt  o f th e

a p p lic a tio n  o f  th e  m e a n  f ie ld  b i a s  v a lu e s  t o

th e  ra w  r a d a r v a lu e s .   I t  is  n o t  a c tu a l ly  a



Figure 1.  MPE_Interactive display of the September 16, 1999, 22Z radar-derived prec ipitation mosaic from a

historical dataset.  The remnants of Hurricane Floyd have deposited a swath of rainfall in excess of 2 inches

during the past hour across north central New Jersey and extreme southeastern New York.

m o s a i c  o f b ia s e d  ra d a r  v a lu e s .

3.3 The Multi-sensor Precipitation Estimate

O n c e  th e  F ie ld  B ia s  R a d a r  M o s a ic  h a s

b e e n  c re a te d , th e  la s t  s te p  in  d e te rm in in g

th e  b e s t  e s tim a te  q u a n t ita t iv e  p re c ip ita t io n

a m o u n t is  to  in c o rp o ra te  ra in  g a u g e  d a ta .

T h e s e  d a ta  a re  u s e d  to  f i l l  in  th e  p o rt io n s

o f  th e  p re c ip ita t io n  m o s a ic  w h e r e  ra d a r

c o v e r a g e  w a s  in a d e q u a te  a n d  to

in c re m e n t o r  d e c re m e n t th e  F ie ld  B ia s

R a d a r  M o s a i c  e s t im a te d  ra in fa ll  a m o u n ts

b a s e d  o n  w h e th e r  th e  c o rre s p o n d in g  ra in

g a u g e  v a lu e s  a re  h ig h e r  o r  lo w e r .  W h e n

th e  ra in  g a u g e  v a lu e s  a re  a p p l ie d  to  th e

F ie ld  B ia s  R a d a r  M o s a ic , th e  re s u lt in g

p r o d u c t  is  th e  M u lt i-s e n s o r M o s a ic .  B y

d e fa u lt ,  th is  m o s a ic  is  ta k e n  to  b e  th e  B e s t

E s t im a te  Q P E  p re c ip ita t io n  f ie ld .

 

4.  MPE_Interactive Functionality

T h e  M P E _ In te ra c tiv e  p ro g ra m  c o n s i s ts  o f

a  g ra p h ic a l u s e r in te r fa c e  w h ic h  a llo w s  th e

u s e r to  e a s i ly  in te r a c t w ith  a n d  v ie w  h o u r ly

p r e c i p i t a t i o n  m o s a i c s  a n d

h y d ro m e te ro lo g ic a l d a ta .  T h e  d o m in a n t



Figure 2.  T h e  p r e c ip i ta t io n  m o s a i c s , b e s t

e s t im a te  Q P E  f ie ld s ,  a n d  re fe r e n c e

d a t a  f i e l d s  a v a i l a b l e  i n

M P E _ In te ra c tiv e .

fe a tu re  o n  th is  in te rfa c e  is  th e  m a p  v ie w i n g

a re a  u p o n  w h ic h  th e  d a ta  a re  d is p la y e d ,

e ith e r  a s  g rid d e d  im a g e  f ie ld s , s ta t io n  d a ta

p lo ts ,  o r  s o m e  c o m b in a tio n  th e re o f.   T h e

g o a l in  th e  d e s ig n  o f M P E _ In te ra c tiv e ’s

in te rfa c e  w a s  to  m a x im iz e  th is  v ie w i n g

a re a  to  fa c i l i tate  th e  a n a l y s is  o f d a ta  a n d  to

a l lo w  e a s y  v i s u a l  in s p e c tio n  a n d

re c o g n it io n  o f d a ta  p a tte rn s  a n d  tre n d s , a s

s h o w n  in  F ig u re  1 .

4.1  Hydrometeorological Data Displays

A s  p r e v i o u s l y  m e n t i o n e d ,  t h e

M P E _ In te r a c tiv e  p ro g ra m  a ls o  c o n ta in s  a ll

e x is tin g  fu n c tio n a lity  fro m  H y d r o v ie w .   T h is

in c lu d e s  th e  d is p la y  o f s ta t io n  d a ta  in

g e o g ra p h ic a l,  ta b u la r ,  a n d  tim e s e rie s  fo rm

a n d  th e  d is p la y  o f  s ta t io n  r e fe r e n c e  d a ta . I t

is  n o t w i th in  th e  sc o p e  o f  th i s  p a p e r  to

d i s c u s s  i n  d e p t h  t h i s  f a c e t  o f

M P E _ In te ra c tiv e .

4.2  Hourly Precipitation Mosaics

T h e  co re  o f  th e  M P E _ In te ra c tiv e  p ro g ra m

re v o lv e s  a r o u n d  th e  a b i l i ty  to  d is p la y  fo u r

m o s a i c s  o f  r a d a r - b a s e d  h o u r l y

p re c ip ita t io n  e s tim a te s  a lo n g  w i th  o n e

a n a ly s is  o f h o u rly  ra in  g a u g e  v a lu e s .  A s

s h o w n  in  th e  m e n u  in  F ig u re  2 , th e  fo u r

d i ffe re n t ty p e s  o f m o s a ic s  a v a ila b le  in

M P E _ In te r a c tiv e  a re : R a d a r  M o s a ic , F ie ld

B ia s  R a d a r  M o s a ic , L o c a l B ia s  R a d a r

M o s a i c , a n d  M u l t i-s e n s o r  M o s a i c .  T h e

a n a ly s is  o f h o u r ly  p re c ip ita t io n  “g a g e ”

v a lu e s  is  th e  G a g e  O n ly  A n a ly s is .

T h ro u g h o u t th e  re m a in d e r  o f th is  p a p e r,

th e s e  fo u r  m o s a ic s  a n d  th e  “ g a g e ”  a n a ly s is

f ie ld  w i l l  b e  c o lle c tiv e ly  re fe re n c e d  a s  th e

Q u a n tita t iv e  P re c ip ita tio n  E s t im a te  (Q P E )

fie ld s .

T h e  R a d a r  M o sa ic  re p re s e n ts  th e  ra in fa ll

e s tim a te  a s  d e riv e d  d ire c tly  fro m  th e

m o s a ic  o f D P A  g r id s  fo r  e a c h  o f th e

in d iv id u a l ra d a r s ite s  th a t p ro v id e  c o ve ra g e

fo r  th e  R F C  a r e a  o f  re s p o n s ib i l i ty .   I t

re p re s e n ts  th e  r a w  ra d a r  p re c ip ita t io n

e s tim a te .

T h e  F ie ld  B ia s  R a d a r  M o s a ic  is  g e n e ra te d

th ro u g h  th e  a p p lic a tio n  o f m e a n  fie ld  b ia s

v a lu e s  to  th e  R a d a r  M o s a ic .  A s  m e n tio n e d

p r e v io u s l y , a  m e a n  fie ld  b ia s  is  c o m p u te d

fo r  e a c h  ra d a r c o n trib u tin g  p re c ip ita t io n

d a ta  to  th e  R a d a r  M o s a ic .  T h is  v a lu e  is

u s e d  fo r  “u n b ia s in g ”  th e  D P A  e s t im a te s

d e r iv e d  b y  th e  R P G , e s tim a te s  w h i c h  c a n

e a s i l y  b e  s k e w e d  b y  s e a s o n a l ,

m e te o ro lo g ic a l,  a n d  m e c h a n ic a l  e f fe c ts  o n

ra d a r tr a n s m is s io n .

T h e  L o c a l B ia s  R a d a r  M o s a i c  is  c re a te d  b y

c o m p u tin g  th e  b ia s  fo r  e a c h  g r id  b in  o f th e

H R A P  g r id  th a t c o v e rs  th e  M P E  a re a .  T h e

re s u lt in g  g r id  o f  lo c a l b ia s  v a lu e s  is  th e n

a p p lie d  to  th e  R a d a r  M o s a ic  to  p ro d u c e

th e  L o c a l B ia s  R a d a r  M o s a ic .  B y

c o m p u tin g  th e  b ia s  fo r  e a c h  H R A P  g rid

b in , lo c a l c lim a to lo g ic a l a n d  g e o g ra p h ic a l

e f fe c ts  o n  ra in fa ll  c a n  b e  b e tte r  q u a n tif ie d .

T h e  M u lt i-s e n s o r  M o s a ic  re p re s e n ts  a n

a tte m p t to  o b ta in  th e  m o s t a c c u ra te

p re c ip ita t io n  e s tim a te  b y  a d ju s tin g  th e

F ie ld  B ia s  R a d a r  M o s a ic  u s in g  “g ro u n d

tru th ”  p re c ip i ta t io n  g a u g e  o b s e r v a tio n s .

A s  its  n a m e  s u g g e s ts , th e  G a g e  O n ly

A n a l y s is  p r o d u c t  re p re s e n ts  th e  o b s e rv e d

h o u r ly  p re c ip ita t io n  a s  re p o r te d  b y

p re c ip ita t io n  “g a g e s ”.   In  o rd e r  to

c o m p e n s a te  fo r  th e  g e n e ra lly  la rg e

s p a c in g  b e t w e e n  “ g a g e s ” , a n  o b je c t iv e

a n a ly s is  is  p e rfo rm e d  to  s p a tia lly  s m o o th

th e  p re c ip ita t io n  a ro u n d  e a c h  “g a g e ”  p o in t.

4.3  Best Estimate  QPE Fields

M P E _ F ie ld G e n e ra to r  u s e s  o n e  o f th e  f iv e



Figure 4.  T h e  S in g le  S i te  R a d a r  w in d o w  d is p la y in g  ra d a r-d e r iv e d  p re c ip ita t io n  a n d

co ve ra g e  d a ta  fo r  the  B ing h a m ton ,  N e w  Y o rk ,  ra d a r  s i te  (B G M )  fo r  S e p tem b e r  1 6 ,

1 9 9 9  2 2 Z  fro m  a  h is to r ic a l d a ta s e t.

Figure 3. T h e  M P E _ In te ra c tiv e  c o n tro l

o p tio n s  w h i c h  a llo w  t h e  u s e r to

e a s i ly  m a n ip u la t e  t h e  h o u r l y

p re c ip ita t io n  d a ta .

Q P E  f ie ld s  m e n tio n e d  e a r l ie r  ( i .e . th e

R a d a r  M o s a i c , F ie ld  B ia s  R a d a r  M o s a i c ,

L o c a l B ia s  R a d a r  M o s a ic , G a g e  O n ly

A n a l y s is ,  o r  M u lt i-s e n s o r  M o s a ic )  to  c re a te

th e  B e s t E s t im a te  Q P E  p ro d u c t.   B y

d e fa u lt  it  u s e s  th e  M u lt i-s e n s o r  M o s a ic  fo r

th e  re a s o n  b e in g  th a t it  is  d e riv e d  fro m  th e

F ie ld  B ia s  R a d a r  M o s a ic  a n d  th e  G a g e

O n ly  A n a ly s is  a n d  is  c o n s id e re d  to  b e  th e

“b e s t”  e s tim a te  o f  p r e c ip i ta t io n  a m o u n ts .

H o w e v e r , a n  a p p lic a tio n  c o n fig u ra b le

p a ra m e te r  m a y  b e  se t to  a llo w  o n e  o f th e

o th e r  Q P E  f ie ld s  b e  th e  B e s t E s t im a te

Q P E  if  s o  d e s ire d .



Figure 5.  T h e  M P E _ In te ra c tiv e  G a g e  T a b le  in d ic a tin g  g a g e  v a lu e s  a s  w e l l a s  Q P E  f ie ld s

a n d  b e s t e s tim a te  Q P E  v a lu e s  fo r  th e  H R A P  b in  e a c h  g a g e  is  lo c a te d  in .

M P E _ In te r a c tiv e  p ro v id e s  th e  a b i l i ty  to

s u m  a n d  d is p la y  th e s e  B e s t E s t im a te  Q P E

p r o d u c t s  o v e r a  u s e r-s p e c if ie d  d u ra t io n  o f

t im e  w h ic h  c a n  ra n g e  f ro m  1  to  7 2  h o u rs .

T h is  p ro d u c t a llo w s  th e  d is p la y  o f s to rm

to ta l p re c ip ita t io n  e s tim a te s , a n d  it

p ro v id e s  th e  o p t io n  o f re p re s e n tin g  th e

p re c ip ita t io n  a m o u n ts  a t a  b a s in  re s o lu t io n

s c a le .

4.4  Reference Data Fields

I n  a d d i t i o n  t o  th e  Q P E  f i e l d s ,

M P E _ In te r a c tiv e  p ro v id e s  f iv e  d is p la y a b le

d a ta  f ie ld s  w h ic h  a llo w  t h e  u s e r to  v ie w  t h e

lo c a l b ia s , m e m o ry  s p a n , ra d a r  c o v e ra g e ,

a n d  c lim a to lo g i c a l d a t a  w h ic h  c o n tr ib u te  to

th e  d e r iv a tio n  o f th e  Q P E  f ie ld s .   T h e s e

re fe re n c e  d a ta  f ie ld s  a re  th e  L o c a l S p a n ,

L o c a l B ia s , H e ig h t F ie ld ,  R a d a r  C o v e r a g e

F ie ld ,  a n d  th e  P a r a m e te r - e le v a t io n

R e g re s s io n s  o n  In d e p e n d e n t S lo p e s

M o d e l (P R IS M )  F ie ld .

T h e  L o c a l S p a n  d a ta  f ie ld  d is p la y s  th e

d u ra t io n  in  h o u rs  o f ra in  g a u g e  / ra d a r  d a ta

u s e d  fo r  c o m p u tin g  th e  lo c a l  b ia s  o f  e a c h

o f th e  b in s  in  th e  H R A P  g r id  w h ich  co ve rs

th e  M P E  a re a .  T h is  d u ra t io n , k n o w n  a s

th e  m e m o ry  s p a n , is  a  m e a n s  o f  c re a tin g

d is c re te  s a m p le s  o f ra in  g a u g e  a n d  ra d a r

v a lu e  p a irs .  T h e  a v e ra g e  ra in  g a u g e  v a lu e

a n d  a ve ra g e  ra d a r  v a lu e  c o m p u t e d  fro m

a ll o f th e s e  p a irs  in  th e  s a m p le  a re  u s e d  in

th e  fo rm u la t io n  o f th e  b ia s  v a lu e .  T h e re

a re  1 0  d i f fe re n t m e m o ry  s p a n s  a va ila b le ,

ra n g in g  fro m  u n d e r a n  h o u r to  th e  a m o u n t

o f t im e  th a t  h a s  e la p s e d  s in c e  M P E

o p e ra t io n s  b e g a n .

T h e  L o c a l B ia s  d a ta  f ie ld  d is p la y s  th e  lo c a l

b ia s  v a lu e  fo r  e a c h  o f th e  H R A P  b in s

c o n ta in e d  w i th in  th e  M P E  a re a .  T h e  L o c a l

B ia s  d a ta  f ie ld  is  u s e d  in  c o m b in a tio n  w i th

th e  R a d a r  M o s a ic  in  c o m p u t in g  th e  L o c a l

B ia s  R a d a r  M o s a i c .

T h e  H e ig h t F ie ld  d is p la y s  th e  lo w e s t

a v a ila b le  ra d a r  h e ig h t th a t p ro v id e s

c o v e ra g e  fo r  a  p a r t icu la r  H R A P  g r id  b in  in

th e  M P E  a re a .   I f  a  lo w  e le v a tio n  ra d a r

b e a m  is  b lo c k e d  c lo s e  to  th e  ra d a r

t ran sm i tte r ,  th e n  th e  n e x t h ig h e r  e le v a tio n

ra d a r  b e a m  is  s e le c te d  to  c le a r  th e

o b s ta c le .  I f ,  b e c a u se  o f m is s in g  ra d a rs  o r

g ro u n d  o b s ta c le s , a  g r id  b in  h a s  n o



Figure 6.  T h e  M P E _ In te r a c tiv e  b i a s  ta b le .

B ia s  v a lu e s  fo r  a ll  o f th e  in d iv id u a l

ra d a r  s ite s  u s e d  in  p ro d u c in g  th e

Q P E  f ie ld s  c a n  b e  v ie w e d  a n d

e d ite d  h e re .  N o t e  th a t th e  A  a n d  B

c o e ff ic ie n ts  o f th e  Z -R  re la t io n s h ip

u s e d  b y  th e  R P G  in  g e n e ra t in g  th e

D P A  p ro d u c ts  a re  a ls o  s h o w n .

c o v e ra g e  fro m  a n y  ra d a r ,  th e n  it  is

a s s ig n e d  a  m is s in g  v a lu e .

T h e  R a d a r  C o v e ra g e  F ie ld  d i s p la y s  w h ic h

ra d a r  s ite  is  p r o v id in g  p re c ip i ta t io n

in fo rm a tio n  fo r  e a c h  o f th e  H R A P  g r id  b in s

in  th e  M P E  a re a .  H R A P  b in s  c o v e re d  b y

m o re  th a n  o n e  ra d a r  u s e  th e  ra d a r  w i th  th e

lo w e s t  e le v a tio n .  I f  th e re  is  n o  ra d a r

p ro v id in g  c o v e ra g e  fo r a  p a rt ic u la r H R A P

b in , th e n  th is  b in  is  a s s ig n e d  a  m is s in g

va lue  (B re ide n b a ch  e t  a l . , 1 9 9 9 ) .

T h e  P R IS M  F ie ld  d is p la y s  a  m o n th ly

c lim a to lo g ic a l p re c ip ita t io n  a v e ra g e  fo r

e a c h  H R A P  g r id  b in  c o n ta in e d  w i th in  th e

M P E  a re a .  I t  ta k e s  in to  a c c o u n t th e

lo c a liz e d  e ffe c ts  o f g e o g ra p h y  a n d  lo c a l

c lim a to lo g y  o n  p re c ip ita t io n  a m o u n ts .

M P E _ F ie ld G e n e ra to r  in c o rp o ra te s  th e

P R IS M  d a ta   in to  th e  c o n s tru c tio n  o f th e

G a g e  O n ly  A n a ly s is  f ie ld .   T h i s  is

e s p e c ia l ly  u s e f u l fo r  s ite s  s u c h  a s  th o s e

lo c a te d  in  th e  m o u n ta in o u s  p o rt io n s  o f  th e

W e ste rn  U n i te d  S ta te s  w h e re  ra d a r

c o v e ra g e  is  in a d e q u a te  a n d  ra in  g a u g e

n e t w o rk s  te n d  to  b e  s p a r s e  o r  n o n -e x is te n t

4.5 Display Control Options

M P E _ In te r a c tiv e  o f fe rs  th re e  d i ffe re n t

w a y s  o f c h o o s in g  th e  d a te  a n d  tim e  fo r

w h ic h  to  d is p la y  a  Q P E  o r  re fe re n c e  d a ta

fie ld .  T h e  u s e r is  g iv e n  th e  o p tio n  to

c h o o s e  th e  p re v io u s  o r n e x t  h o u r ’s  d a ta

fie ld  a s  w e l l a s  th e  o p t io n  t o  e x p l ic it ly

s e le c t  d a ta  fo r  a  s p e c if ic  d a te  a n d  tim e

(se e  F igu re  3 ) .

M P E _ In te r a c tiv e  a ls o  a llo w s  th e  Q P E

fie ld s , th e  B e s t E s tim a te  Q P E  f ie ld , a n d  a ll

o f th e  re fe re n c e  d a ta  f ie ld s  e x c e p t P R IS M

to  b e  t im e - la p s e d  o ve r  a  u s e r-s p e c if ie d

in te r v a l o f  t im e  o f  u p  to  2 4  h o u rs .

F o r  th e  h o u r w h i c h  th e  d a ta  is  v a lid , th e

Q P E  f ie ld  o r  B e s t E s t im a te  Q P E  f ie ld  b e in g

d is p la y e d  a n d  e d ite d  i n  M P E _ In te r a c tiv e

m a y  b e  s a v e d  a s  th e  n e w  o r  m o d i fie d  B e s t

E s t im a te  Q P E  f ie ld .   T h ro u g h  a  s e t o f

c o n fig u ra b le  p a r a m e te r s , th is  f ie ld  m a y  b e

a ls o  s a v e d  in  o n e  o r m o re  o f th e  fo llo w i n g

fo rm a ts : n e tC D F ,  G IF , J P E G ,  a n d  G R IB .

M P E _ In te r a c tiv e  a llo w s  th e  D P A  p r o d u c t s

c o n tr ib u t in g  to  th e  R a d a r  M o s a ic  to  b e

v ie w e d  o n  a n  in d iv id u a l ra d a r  b a s is .  T h e

S in g le  S ite  R a d a r  w in d o w  ( se e  F ig u re  4 )

d is p la y s  th e  D P A  e s tim a te d  p re c ip ita t io n

a m o u n ts , th e  m e a n  fie ld  b ia s  c o r re c te d

ra d a r  p r e c ip ita tio n  e s t im a te s , a n d  th e  ra d a r

c o v e ra g e  m a p .  T h ro u g h  o p tio n s  a v a ila b le

o n  th e  S in g le  S i te  R a d a r  w in d o w ,

M P E _ F ie ld G e n e ra to r  c a n  b e  in s tru c te d  to

ig n o re  th e  d a ta  fro m  a  p a r t ic u la r  ra d a r  s ite

w h e n  g e n e r a tin g  p re c ip i ta t io n  m o s a i c s .

4.6 Tabular Data Displays

In  a d d it io n  to  p ro v id in g  g ra p h ic a l d is p la y s ,

M P E _ In te r a c tiv e  p ro v id e s  a  m e a n s  o f

v ie w in g  ra in  g a u g e  a n d  m e a n  fie ld  b ia s

in fo rm a tio n  in  a  ta b u la r ,  s p re a d  s h e e t

s ty le .

T h e  G a g e  T a b le , s h o w n  in  F ig u re  5 ,

d is p la y s  th e  h o u r ly  v a lu e s  fo r  a ll  o f th e



p r e c ip i ta t io n  “g a g e s ” re p o r te d  w i th in  th e

M P E  a re a .  In  a d d it io n  to  th e  a c tu a l “g a g e ”

a m o u n t,  v a lu e s  ta k e n  fro m  th e  Q P E  fie ld s

a n d  th e  B e s t E s t im a te  Q P E  p ro d u c t fo r  th e

H R A P  b in  th a t  th e  “g a g e ”  is  lo c a te d  in  a re

s h o w n .   T h e  id e n tif ie r  o f th e  ra d a r  s ite

p ro v id in g  c o v e ra g e  fo r th e  “g a g e ” s ite  is

a ls o  d is p la y e d .

T h e  G a g e  T a b le  a ls o  p ro v id e s  a  m e a n s  fo r

e d it in g  in d iv id u a l “g a g e ”  v a lu e s  a n d

p e r fo r m in g  q u a l ity  c o n t ro l  c h e c k s .

T h e  M e a n  F ie ld  B ia s  T a b le , s h o w n  i n

F ig u re  6 , d is p la y s  th e  m e a n  fie ld  b ia s

v a lu e s  o n  a n  in d i v id u a l ra d a r  b a s i s  a lo n g

w ith  th e  c o e ff ic ie n ts  u s e d  in  th e  Z -R

re la t io n s h ip  w h e n  th e  R P G  g e n e ra te d  th e

D P A  p ro d u c t.   I t  a ls o  a l lo w s  th e  e d it in g  o f

th e s e  m e a n  f ie ld  b ia s  v a lu e s .  F o r  e a c h  o f

th e  ra d a rs  re p re s e n te d  in  th is  ta b le , a

s e p a ra te  ta b l e  d is p la y in g  t h e  s p e c i fic

m e m o ry  s p a n  in fo rm a tio n  u s e d  in  th e

c o m p u ta t io n  o f th e  m e a n  f ie ld  b i a s  is

a v a ila b le .

4.7 Editing Options

M P E _ In te r a c tiv e  is  a  to o l fo r  d is p la y in g  th e

h o u r ly  p re c ip ita t io n  d a ta  g r id s  g e n e ra te d

b y  th e  M P E _ F ie ld G e n e ra to r  p ro g ra m .  It

a ls o  a llo w s  fo r  th e  m o d if ic a tio n  o f th e  d a ta

g rid s  b y  a lte r in g  e x is tin g  ra in  g a u g e

v a lu e s , a d d in g  u s e r-d e fin e d  p s e u d o -

g a u g e s ,  c h a n g in g  th e  m e a n  fie ld  b ia s

v a lu e s ,  ig n o r in g  d a ta  fro m  a  p a rt ic u la r

ra d a r  s ite , a n d  b y  d ra w i n g  d a ta  s u b s titu t io n

p o ly g o n s  o n  th e  d a ta  m o s a i c s .  T h e s e  d a ta

m a n ip u la t io n  o p t io n s  a llo w  fo r  th e

c o rr e c tio n  o f in a c c u ra te  o r  e r ro n e o u s

p re c ip ita t io n  d a ta .

5. Data Sources 

T h e  d a t a  re q u ire d  b y  th e  M P E _ In te r a c tiv e

p ro g ra m  c o m e s  f ro m  tw o  s o u rc e s :  d is k

f i le s  a n d  th e  In te r a c t iv e  F o re c a s t

H y d ro lo g ic  S y s te m  ( IH F S )  re la t io n a l

d a ta b a s e .  T h e  Q P E  f ie ld s ,  re fe r e n c e  d a ta

fie ld s , b e s t  e s t im a te  Q P E  d a ta , a n d  D P A

d a ta  re s id e  in  d is k  f i le s .  T h e  d a ta b a s e

c o n ta in s  m e ta d a ta  d e s c r ib in g  th e  d a ta

fie ld s , ra d a r  b ia s e s  a n d  ra d a r  a v a i la b i li ty ,

a n d  th e  h o u r ly  ra in  g a u g e  re p o r ts .

A  n u m b e r  o f a p p lic a tio n  c o n fig u ra b le

p a ra m e te rs  e n a b le  th e  o p e ra t io n s  o f

M P E _ In te r a c tiv e  to  b e  ta ilo re d  to  th e

n e e d s  o f  th e  u se r .

6. Conclusion

T h e  M P E  a p p lic a t io n  h a s  tra d it io n a lly  b e e n

a  to o l u s e d  a t R F C s  fo r  g e n e ra t in g  m u lt i-

s e n s o r  h o u r ly  p re c ip ita t io n  e s tim a te s  a n d

a llo w i n g  in te r a c tiv e  q u a l ity  c o n t ro l  to  m a k e

th e m  a s  a c c u ra te  a s  p o ss ib le  fo r  u s e  in

h y d ro lo g ic  m o d e ls .  A s  W F O s  a c c e p t a n

in c re a s in g  a m o u n t o f  re s p o n s ib i l i ty  in

sh o r t- te rm  h y d ro lo g ic a l fo re c a s t in g , th e ir

n e e d  fo r a  v e rs a ti le  p re c ip ita t io n  a n a ly z in g

to o l h a s  g ro w n .

T o  m e e t th is  n e e d , th e  k e y  c o m p o n e n ts  o f

th e  M P E  a p p lic a tio n , M P E _ In te ra c tiv e  a n d

M P E _ F i e l d G e n e r a t o r ,  h a v e  b e e n

e n h a n c e d  to  a llo w  t h e m  to  b e  u ti l iz e d  a t

W F O s .   I n  a d d i t i o n  t o  t h i s ,

M P E _ In te r a c tiv e  h a s  b e e n  m e rg e d  w i th

H y d ro v ie w  to  p ro d u c e  a  s in g le , m u lt i-

p u r p o s e  h y d ro lo g ic a l to o l th a t n o t o n ly

p ro v id e s  h o u rly  m u lt i-s e n s o r p re c ip ita t io n

e s t im a te s ,  b u t a ls o  g iv e s  a c c e s s  to  a

p le th o ra  o f h y d ro m e te ro lo g ic a l d a ta .  I t  h a s

a ls o  b e e n  g iv e n  m o u s e  c o n tro ls  m im ic k in g

th o s e  o f A W IP S  D 2 D  s o  th a t  th o s e  a lre a d y

fa m il ia r  w i th  th e  lo o k  a n d  fe e l o f D 2 D

s h o u ld  h a ve  ve ry  l i t tle  tro u b le  a d a p tin g  to

M P E _ In te ra c tiv e .

F u tu re  e n h a n c e m e n t s  to  M P E _ In te r a c tiv e

w il l in c lu d e  th e  im p le m e n ta t io n  o f s a te ll i te -

b a s e d  p re c ip ita t io n  e s tim a te s  a n d  th e

e v e n tu a l in c lu s io n  o f th is  d a ta  in to  th e

m u lt i-s e n s o r  p r e c ip i ta t io n  m o s a i c .  L ik e

ra d a r ,  a  s e t o f “ lo c a l ” b ia s  v a l u e s  w il l  n e e d

to  b e  d e v e l o p e d  u s in g  r a in  g a u g e s  to

e n su re  th a t th e s e  s a te ll i te  p re c ip ita t io n

e s tim a te s  a re  a s  a cc u ra te  a s  p o ss ib le  a n d

ta k e  in to  a c c o u n t g e o g ra p h ic  a n d  lo c a l

c l im a to lo g i c a l in f lu e n c e s .
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